The distribution of 230Th and 234Th, highly particle-reactive radionuclides with a uniform source throughout the ocean, has been shown to be consistent with a reversible uptake mechanism characterized by exchange times which are rapid (months) in relation to the residence time of suspended particles (years) [ the Sargasso Sea. In this study, we make use of this inadvertent tracer experiment, using measurements on suspended particulate matter to further investigate the role of particles in the transfer of Pb from surface waters to the deep ocean.
SAMPLING AND ANALYSIS
Suspended particulate matter was filtered in situ at depths of 10-4000 m on five separate occasions from September 1986 to April 1988 near station "S," -50 km southwest of Bermuda (32ø00'N, 64ø10'W, bottom depth -4200 m) [Sherrell and Boyle, 1992] . Sample contamination is a,-a acute concern in obtaining accurate Pb concentrations in natural waters [Schaule and Patterson, 1981] , and so specially designed battery-powered pumps (the Rotating Automatic Pump for Particulate Inorganics Determination, RAPPID [Sherrell, 1991] ) were used to collect the samples in situ. Details of the sampling mad analytical procedures are presented elsewhere [Sherrell, 1991; Sherrell and Boyle, 1992] . Briefly, 4-11 mg of suspended matter was collected from volumes of 200-1200 L of seawater on 142-mm-diameter 1.0-lxm pore size Nuclepore polycarbonate filters. Small suspended particles are expected to dominate exchange with dissolved Pb because of their abundance mad surface area. Therefore, a 53-lxm polyester prefilter was used on most deployments to exclude larger, fast-sinking particles (Table 1) . The >53-lxm fraction contributed 5-25% of the total suspended mass, the fraction generally decreasing with depth through the upper thermocline. However, any compositional differences between the <53-lxm samples and total particulate matter samples, collected with no prefilter, could not be discerned for Pb or Pb isotopes given the sample coverage mad measurement precision of this study. Therefore samples taken with mad without prefilters are treated as equivalent in this study. Nine seawater samples were collected for dissolved Pb determination from the upper 600 m at the Bermuda station (31ø483q, 64ø07'W) in March 1987 using special "vane" samplers [Boyle et al., 1986 ]. These were analyzed by APDC/DDDC solvent extraction of 50-g aliquots following the method of Wallace et al. [1983] . Analysis of a few surface samples previously analyzed by APDC coprecipitation in our laboratory [Boyle et al., 1986] showed that the two methods agreed within analytical uncertainty. Stable Pb isotopes were also measured on separate aliquots of the same samples [Hamelin et al., 1988] . The analytical technique for these measurements will be reported separately. Based on average crustal Pb/A1 [Taylor, 1964] and total A1 measured in the particles [Sherrell and Boyle, 1992] , less than 5% of particulate Pb is associated with refractory aluminosilicate particles, except in the nepheloid layer (25% at 3800-4000 m). In addition, it has been estimated that almost all anthropogenic Pb delivered from the atmosphere is already dissolved in rain The adequacy of contamination control in our study is supported by three lines of evidence: (1) dipped procedural blanks are low in relation to sample values, (2) the profile is smoothly varying with depth, and (3) deepwater samples taken at similar depths several months apart give concentrations which agree within measurement uncertainty. Our recent results for particulate concentrations of several other trace metals similarly demonstrate that most previously published values were high by factors of 3 to 30 [Sherrell and Boyle, 1992 ].
RESULTS

Pb and 210pb Concentrations
An upper thermocline particulate 210pb maximum, similar to that found for particulate Pb, is also observed (Figure lb) .
Because no subsurface maximum is observed for dissolved 210pb' (Figure 2b) , this result implies that the particulate Pb maximum is not simply a product of the temporal history of anthropogenic Pb input (which determines the shape of the dissolved profile) [Boyle et al., 1986 ], but that the maximum is caused by the higher affinity of suspended matter for Pb from 300-600 m. This may be due in part to association of Pb with Mn hydrous oxide phases, which also show a maximum at this depth [Sherrell and Boyle, 1992] . The maximum could alternatively be caused by a progessive enrichment of a single population of particles during transport from surface waters, without invoking the influence of a separate phase in this depth zone. Such a mechanism cannot be ruled out by the isotopic evidence, as will be explained below. 
Do Similar Isotopic Ratios Imply Chemical Exchange Equilibrium?
Use of isotopic ratios as tracers of chemical exchange among Pb reservoirs requires careful consideration of the implications of similarities observed in the isotopic signatures of two different Pb pools. While chemical equilibrium must result in isotopic equilibration, nearly identical isotopic signatures can be generated by irreversible processes.
For example, in surface waters, living or recently living forms dominate the suspended load; exogenous particles are a relatively minor fraction of the total mass [Sherrell and Boyle, 1992] . Because these particles are created de novo, they must have acquired their Pb directly from surface waters. Therefore, in the euphotic zone (upper 100 m), a close match between particulate and dissolved Pb composition is expected, and its existence cannot help distinguish irreversible uptake from exchange equilibrium as the process governing particulate Pb content.
Deeper in the water column, particle sources are more complex; some may be formed in situ, but most are likely to have settled vertically or to have been transported horizontally to their sampling location. Particles transported from other water masses with distinct Pb isotopic composition must exchange Pb with ambient seawater to acquire a matching isotopic signature. The agreement between the particulate and dissolved profiles below the euphotic zone thus suggests that suspended particles undergo complete isotopic exchange of Pb with the surrounding seawater before they are removed. 
Temporal Variation of Pb and Pb Isotope Fluxes
The degree to which the Pb isotopic composition of rapidly sinking particles is modified from the surface value depends on the magnitude of the surface-derived flux and the rate of smallparticle removal in the deep water column. Because of the continuing reduction of anthropogenic Pb input to the northwest 
